A rapid gas-liquid chromatographic procedure was developed to determine hippurate hydrolysis by microorganisms. Bacterial cells were inoculated into 0.4 ml of 1% sodium hippurate and incubated for 2 h at 37°C. Cells were removed by centrifugation, and the benzoate released by enzyme activity was converted to methyl benzoate and analyzed by gas-liquid chromatography. This procedure is sensitive, and its specificity provides a high degree of reliability for organisms with weak hippuricase activity.
The enzymatic hydrolysis of hippurate (N-benzoylglycine) to glycine and benzoic acid (benzoate) has been shown to be a useful characteristic for identification and classification of various microorganisms (2, 5, 8) . The detection of glycine with ninhydrin reagent is most often used to measure this reaction (2, 8) , but this test lacks specificity, as ninhydrin reacts with any primary amino group which is present in other amino acids, as well as peptides and primary amines. Moreover, interpretation of the ninhydrin reaction is often difficult, as various shades and intensity of the purple color are observed, particularly with those organisms with weak hippuricase activity.
Methods for detecting benzoate, the other product of hippurate hydrolysis, include a color reaction with ferric chloride (1, 4) , a colorimetric test with rhodamine B and uranium acetate (3) , and a gas-liquid chromatographic (GLC) procedure in which benzoic acid is measured directly (9) . Like the ninhydrin test, the ferric chloride test often gives an equivocal endpoint determination (10) . Disadvantages of the reported GLC procedure include the requirement for incubation of the test organisms for 36 h in a hippuratecontaining medium, followed by an overnight incubation period in which the liberated benzoic acid is converted to the methyl ester derivative, before chromatography (9) . In this report we describe a GLC procedure for hippurate hydrolysis in which benzoate is measured after a 2-h incubation period of cells with substrate as in the rapid ninhydrin test (8) .
A 1% aqueous solution of sodium hippurate was prepared and dispensed in 0. 4 1 ,ul of this sample was used for analysis of methyl benzoate by GLC. The gas chromatograph was a Hewlett Packard model 5880-A (Avondale, Pa.) instrument equipped with a flame ionization detector and a fused silica capillary column (50 m by 0.2 mm inside diameter) with OV-1 as the stationary phase. The operating parameters of this instrument were as follows: injector temperature, 250°C; detector temperature, 300°C; carrier gas, hydrogen at a flow rate of 0.5 ml/min. The column was maintained at 100°C for 5 min and then increased at a rate of 10°C/min to 250°C, where it was maintained for 5 min before automatic recycle to the initial temperature. Under these conditions, methyl benzoate was recorded as a sharp, symmetrical peak at a retention time of 8.0 min. Quantitative data of the area of this peak were obtained with an electronic integrator (Hewlett Packard, model 5880-A) terminal. Uninoculated tubes of sodium hippurate solution processed for GLC in an identical manner to the test organism served as controls. The identity of the methyl benzoate peak was confirmed by mass spectrometry.
Small amounts of benzoic acid were observed in each control tube of uninoculated sodium hippurate solution (Fig.  1A) . In separate experiments, it was determined that this small amount of benzoic acid originated from hydrolysis of the hippurate molecule during the methylation step in the GLC procedure. Therefore, to determine the amount of methyl benzoate resulting from nonenzymatic hydrolysis, it was necessary to include uninoculated sodium hippurate controls along with each set of samples. Of 17 sets of samples, the values of the controls never varied more than 4 integration units within a set. The largest standard deviation from the mean in any of the control sets was determined to be 2 integration units. Therefore, those samples that were greater than 3 standard deviations from this mean were arbitrarily designated as a positive GLC result. The area of the methyl benzoate peak in the uninoculated control shown in Fig. 1A was 38 integration units, and the areas of two other control tubes in this set were 38 + 2 integration units. Thus, for this set, those samples in which the area of the methyl benzoate peak was greater than 44 (38 + 6) integration units were designated positive.
The cultures tested for hippurate hydrolysis by the GLC procedure showed various levels of enzymatic activity from negative to strong positive. The area of the methyl benzoate peak for cultures with weak hippuricase activity ranged from 45 to 70 integration units, and those with strong activity ranged from 400 to 800 integration units. The methyl benzoate peaks from two weakly positive strains of group B streptococci gave peak areas of 49 (Fig. 1B) (Fig. 1D) .
Seven strains of Campylobacterjejuni (D114, D123, D128, D133, D127, D142, E9454) and four strains of Campylobacter coli (D112, D126, D134, D145) that were previously confirmed by DNA relatedness with type strains (7, 11) were also tested with the GLC procedure. Four strains of C. jejuni (D114, D123, D133, D142) gave strong positive ninhydrin reactions and methyl benzoate peaks with areas from 300 to 500 integration units; the other two strains (D128, D127) gave variable ninhydrin reactions, but moderately large methyl benzoate peaks (areas of 180 to 256 integration units) were observed with the GLC test. Each of the four C. coli strains (D112, D126, D134, and D145) and one C. jejuni strain (E9454) gave negative results with the ninhydrin test, which was consistent with earlier ninhydrin results with these cultures (7, 11) . However, these strains gave variable results by the GLC test, yielding negative to very weakly positive methyl benzoate peaks (38 to 69 integration units).
After this observation, each of the Il Campylobacter strains was inoculated into 0.4 ml of sodium hippurate and 0.4 ml of sterile distilled water, which served as a control for each strain. The strains were then incubated for 20 h at 37°C and tested by the GLC and ninhydrin methods. After 20 h, the ninhydrin test gave positive results for six C. jejuni strains and negative results for the four C. coli strains and C. jejuni E9454. Several of the reactions were various shades of purple, but none of these tubes was the blackish-purple color considered positive for these organisms. The GLC test showed all the organisms to be positive, with areas ranging from 56 to 679 integration units. However, the activities of the four C. coli strains and C. jejuni E9454 were still approximately two to four times less than the activity of the six remaining C. jejuni strains. No methyl benzoate peaks were detected in the control tubes of cells inoculated and incubated for '20 h in 0. 4 (Fig. 1C) 
